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A PROCESS FOR THE DETERMINATION OF AN ACTUAL VALUE OF A CONTROL 
VARIABLE, PARTICULARLY OF A STEERING ANGLE 

D e scr i ption: 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a process for the deternnination of an actual value of a 
control variable set by an actuator. 

[0002] It is suitable, in particular, for the determination of an actual value of a steering 
angle on steerable wheels of a vehicle which can be used in an adjustment of driving 
dynamics. 

[0003] A comparison of an actual behavior determined by different vehicle sensors with 
a theoretical behavior determined in a vehicle model usually serves as the basis for an 
adjustment of driving dynamics for vehicles. Such an adjustment of driving dynamics is 
described, for example, in the German patent disclosure document DE 195 15 058 A1. 

[0004] The theoretical behavior of the vehicle is determined by means of the vehicle 
model, particularly in dependence on a steering angle on the steerable wheels that 
represents the desire of a driver for a given direction. In the vehicle model described in 
the patent disclosure document DE 195 15 058 A1, the steering angle set on the 
wheels by the driver by means of the steering device of the vehicle is thereby taken as 
the basis for the steering angle representing the desire of a driver for a given direction. 
This steering angle can be measured on the steering wheel or on the wheels by means 
of a steering angle sensor. 

[0005] It is known, however, to superimpose a steering movement initiated by the driver 
of a vehicle with an additional steering movement initiated by a control unit. A steering 
angle on the steerable wheels of the vehicle thereby results as the sum of the steering 
angle commanded by the driver and of a supplemental steering angle, in accordance 
with which the additional steering movement is carried out. 
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[0006] In this connection, an adjustment of the yaw rate, in which the supplemental 
steering angle is determined in dependence on a yaw movement of the vehicle, ap- 
pears in the German patent disclosure document DE 197 51 227, for example. 

[0007] It is known, furthermore, to change a transmission ratio between the steering 
angle on a steering device of the vehicle, such as on a steering wheel, for example, and 
the steering angle of the steerable wheels of the vehicle in a speed-dependent manner 
by setting a supplemental steering angle determined in dependence on vehicle speed. 

[0008] At low vehicle speeds, a very direct steering transmission is thereby set in order 
to minimize the steering exertion for the driver during maneuvering, whereas a very indi- 
rect transmission ratio is set at high speeds in order to reduce nervousness during 
steering. 

[0009] The supplemental steering angle is usually set by means of a planetary gear 
controlled by an actuator, whereby the actuator is typically designed as an electrical 
motor to which control signals containing a theoretical value of the supplemental steer- 
ing angle are transmitted. 

SUMMARY OF THE INVENTION 

[0010] The invention now relates to the problem of determining the portion of the steer- 
ing angle set on the steerable wheels corresponding to the desire of a driver for a given 
direction if the steering angle set by means of the superimposition steering is composed 
of several portions, which portions are transmitted to the actuator as theoretical partial 
values. 

[001 1] The different portions of the supplemental steering angle set can not be meas- 
ured by sensors but, upon sufficiently high dynamics of the actuator, however, the sup- 
plemental steering angle is set so rapidly that the theoretical partial values can often be 
used as actual partial values. 
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[0012] In many situations, such as, in particular, after starting the vehicle at low tem- 
peratures, for example, the dynamics of the actuator are restricted in such a manner 
that a considerable time delay arises upon the setting of the supplemental steering an- 
gle, and the theoretical partial values do not represent the specific actual partial values. 

[0013] It is conceivable, of course, to compute the actual partial values from an actual 
total value of the supplemental steering angle determined by a steering angle sensor in 
a manner corresponding to the ratio between a corresponding theoretical partial value 
and a theoretical total value or. in another way, from the theoretical values, but this 
does not take into consideration, however, the fact that the actual partial values are, 
upon reduced dynamics of the actuator, also decisively determined by the rates of 
change of the theoretical partial values termed gradients. 

[0014] Such processes, which are based upon computation by means of the theoretical 
values, consequently do not allow any reliable determination of actual partial values 
upon reduced actuator dynamics. 

[0015] The task that forms the basis for the invention is thus that of creating a process 
that makes possible a determination of a reliable assessed value for the partial actual 
values that is as rapid as possible, even if the actuator indicates an unknown control 
behavior. 

[0016] In accordance with the invention, this task is solved by the process discussed in 
detail below, m e ans of a proc e ss i n accordanc e with patent claim 1 . 

[0017] Advantageous further d e v e lopm e nts of tho procoss aro th e obj e ct of sub cla i ms 
2 to 10. 
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[0018] The invention thereby provides, in particular, that a process for the determination 
of an actual value of a control variable set by an actuator In accordance with a theoreti- 
cal value is carried out in such a manner that a partial value of an actual value set in 
accordance with a theoretical total value consisting of a sum of theoretical partial values 
is estimated in dependence on the theoretical partial value corresponding to the partial 
value in an actuator model formed with at least one parameter, whereby the value of 
the parameter is determined by means of a divergence between the total theoretical 
value and a determined actual total value of the control variable. 

[0019] In accordance with the invention, the control behavior of the actuator is conse- 
quently analyzed by means of a comparison between the theoretical total value and the 
actual total value of the control variable, and simulated in regard to the partial value by 
means of the actuator model. 

[0020] This makes it possible to determine a very reliable assessed value for the actual 
partial value. 

[0021] One particular advantage of the process in accordance with the invention con- 
sists of the fact, in particular, that the control behavior can be determined "online", and 
the specific actuator behavior that is present at the point in time of a request for the ac- 
tual partial value Is consequently taken as the basis for the determination of the as- 
sessed value for the actual partial value. 

[0022] Preferred forms of implementation of the process are characterized by the fact 
that the value of the parameter of the standard deviation between the theoretical total 
value and the actual total value of the control variable set is assigned by means of a 
characteristic curve and is determined in a model of the actuator or ascertained by 
means of a parameter estimation process. The parameter estimation process should 
preferably be an online-process. 
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[0023] In order to reduce the possible effects of an assessed value determined errone- 
ously on the basis of a parameter determined erroneously, and in order to carry out the 
process in a particularly secure manner, it is provided, in one advantageous form of 
implementation of the process, to limit the value for the parameter to a predetermined 
interval. 

[0024] The characteristic curve is, in the simplest case, a jump function which assigns 
to all values of the standard deviation that are smaller than a preset threshold value a 
value of the parameter corresponding to a normal dynamic of the actuator, and assigns 
to the values of the standard deviation that are greater than the threshold value a value 
of the parameter that corresponds to a reduced dynamic of the actuator. A jump func- 
tion can, in particular, also be hereby used with hysteresis. 

[0025] Preferably, however, the characteristic curve contains, in addition to the range of 
the normal dynamics and the range of the reduced dynamics, an additional medium 
range with, for example, a linear coordination between the standard deviation and the 
parameter. 

[0026] During the determination of the value of the parameter by means of the model, it 
is advisable to use the same actuator model that also serves for the determination of 
the actual partial value in dependence on the theoretical partial value. 

[0027] This actuator model preferably describes the dynamic transmission behavior of 
the actuator and reproduces the connection between an input- and an output quantity. 
The theoretical and actual values of the control variable are thereby suitably considered 
as input- and output quantities. 

[0028] In models, the transmission behavior of an actuator is typically particularly de- 
scribed by time constants which characterize the delay upon the setting of the actual 
value. 
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[0029] In one particularly preferred form of implementation of the process in accordance 
with the invention, a time constant is thus determined as the parameter of the actuator 
model. 

[0030] After a transitional time, the actuator enters into a stationary condition if the input 
signal does not change, or does not significantly change, over a longer period of time. 
During the stationary operation, the standard deviation between the actual and the 
theoretical value is very small, even upon reduced actuator dynamics. 

[0031] One advantageous form of implementation of the process is thus characterized 
by the fact that a specific value is retained for the parameter if the rate of change of the 
theoretical total value and/or of the actual total value lies below a preset threshold 
value. 

[0032] A new computation of the parameter value advantageously only occurs in this 
form of implementation if the rate of change of the theoretical total value and/or of the 
actual total value exceeds the threshold value. 

[0033] This form of implementation is particularly preferred if a conclusion is to be made 
about the dynamics and the availability of the actuator from the value of the parameter 
since, for the evaluation of the dynamics of the actuator, a transitional behavior is ex- 
clusively of interest during the transitional tinie. 

[0034] The process in accordance with the invention is advantageously particularly suit- 
able for the determination of a reliable assessed value for the actual partial value of a 
steering angle set by a final control element of a superimposition steering. 

[0035] It thereby makes it possible to reliably determine the steering angle correspond- 
ing to the desire of a driver for a given direction, which [steering angle] serves as the 
input quantity for a driving dynamics control unit. 
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[0036] In the event that the total value of the supplemental steering angle is composed 
of a portion for the speed-dependent change of the steering transmission and of at 
least one additional portion for the adjustment of the driving dynamics, the actual partial 
value of the supplemental steering angle that corresponds to the portion of the change 
of the steering transmission is thereby preferably determined. 

[0037] Through an addition of this actual partial value and of the steering angle com- 
manded by the driver, a speed-dependent steering angle results which is to be inter- 
preted as the steering angle corresponding to the wish of the driver, and which deter- 
mines theoretical behavior of the vehicle. 

[0038] Additional advantages and suitable further developments of the invention result 
from tho sub c l a i ms and the following description of preferred examples of implementa- 
tion in reference to the figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] The figures depict the following: 

[0040] Figure 1 : A schematic block diagram for the representation of one 
form of implementation of the process in accordance with the invention, in which the 
value of the parameter is assigned by means of a characteristic curve; 

[0041] Figure 2: A schematic block diagram for the representation of one 
form of implementation of the process, in which the rate of change of the total theoreti- 
cal value is additionally considered; 

[0042] Figure 3: A schematic block diagram for the representation of one 
form of implementation of the process in accordance with the invention, in which the 
value of the parameter is determined by means of a parameter estimation process; 
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[0043] Figure 4: A schematic block diagram for the representation of one 
form of implementation of the process in accordance with the invention, in which the 
value of the parameter is determined by means of an inverse model; 

[0044] Figure 5: A block diagram for the representation of one additional form 
of implementation of the process, in which the value of the parameter is determined by 
means of a parameter estimation process; 

[0045] Figure 6: A block diagram for the representation of an additional form 
of implementation of the process in accordance with the invention, in which the value of 
the parameter is determined by means of a model; 

[0046] Figure 7: A block diagram for the representation of yet another form of 
implementation of the process. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0047] The invention provides an advantageous process for the determination of an as- 
sessed value for an actual partial value of a control variable. 

[0048] The process finds an advantageous application in the determination of an actual 
partial steering angle which is set by a superimposition steering in accordance with a 
theoretical total steering angle consisting of a sum of theoretical partial steering angles. 

[0049] In vehicles in which a speed-dependent change of the steering transmission 
(VARI) is carried out by means of a supplemental steering angle set by a superimposi- 
tion steering, the theoretical behavior of the vehicle must be determined from the steer- 
ing angle on the wheels, which [steering angle] corresponds to the steering angle com- 
manded by the driver in connection with the VARI. 
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[0050] The theoretical behavior can be set by means of a vehicle reference model, par- 
ticularly on the basis of this steering angle. This is brought about by means of a vehicle 
control unit (ESP control unit 70). which carries out. in particular, a so-called "Electronic 
Stabiljty Program" (ESP). 

[0051] The ESP comprises a yaw rate adjustment (GRR), for example, in which an un- 
der-steering or an over-steering of a vehicle is detected by means of a comparison of a 
theoretical yaw rate determined by means of the vehicle model and of an actual yaw 
rate determined by means of a yaw rate sensor, and the vehicle is acted on by a yaw 
momentum correcting the driving behavior by means of appropriate brake-, engine, 
and/or steering interventions. 

[0052] An ESP control unit and, in particular, the reference model used by this vehicle, 
are described in the German patent disclosure document DE 195 15 058 A1. The con- 
tents of this patent disclosure document should also be considered to be a component 
of the present application. 

[0053] In addition to the GRR, a yaw momentum compensation (GMK), in which a yaw 
momentum is determined and adjusted, which [momentum] counteracts the interfer- 
ence momentum arising on different wheels of the vehicle as the result of different 
braking effects, can also be carried out by means of the vehicle control unit, for exam- 
ple. In the GMK, the yaw momentum can likewise be produced by means of steering 
interventions. 

[0054] If a GRR and/or a GMK and a VARI are carried out in a vehicle with steering in- 
terventions, then the total supplemental steering angle set on the wheels by the super- 
imposition steering results as a sum of the partial supplemental steering angle of the 
VARI, which [partial supplemental steering angle], along with the steering angle com- 
manded by the driver, serves as the input quantity for the ESP control unit 70 and the 
partial supplemental steering angle of the GRR and/or of the GMK, which should not 
influence the vehicle model. 
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[0055] The individual partial supplemental steering angles, however, are only present as 
theoretical values, the sunns of which are adjusted by the superimposition steering, and 
the actual total steering angle that is actually set by the superimposition steering or by 
the actuator of the superimposition steering, as the case may be, can not, for the rea- 
sons already noted above, be divided into its portions corresponding to the theoretical 
partial values. 

[0056] Although, in the normal dynamics of the actuator, the theoretical partial value 
can be used in the vehicle model as the actual partial value, this is not always possible 
in the case of reduced dynamics. 

[0057] It is explained in the following how the actual partial supplemental steering angle 
A5vARi of the VARI can be estimated by means of the process in accordance with the 
invention. 

[0058] This example of implementation of the invention consequently assumes a vehi- 
cle in which the driver of the vehicle can, by means of a steering wheel or other steering 
device, set a steering angle 5lr. whi on one or more steerable wheels of the vehicle. The 
steering is thereby carried out by means of a steering gear which has a steering pinion 
gear connected with the steering wheel, which [pinion gear] engages in a toothed rack 
and thus conveys the steering movements of the driver to the steerable wheels. The 
steering gear makes a transmission ratio of Ilg available between the steering angle 
6lr, whi on the wheels and the steering angle 5lr. szl on the steering wheel. 

[0059] The vehicle can be a two-axis, four-wheel vehicle with two steerable front 
wheels, for example. 
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[0060] It is additionally assumed that the vehicle has a superimposition steering which 
makes possible a free coordination between the steering wheel angle 6lr, szl and the 
steering angle on the wheels. This can be brought about, for example, by means of a 
planetary gear placed in the steering line in front of the steering pinion gear, with which 
[planetary gear] an electromechanical actuator engages in order to rotate the steering 
pinion gear relative to the steering wheel. 

[0061] The superimposition steering thereby makes it possible to change both the steer- 
ing transmission as well as to set a supplemental steering angle, whereby the steering 
angle on the steering pinion gear results as the sum of the steering wheel angle trans- 
mitted by the gear of the superimposition steering and the supplemental steering angle. 

[0062] The gear of the superimposition steering is termed the AFS gear in the following, 
and makes a mechanical steering transmission Iafs available. 

[0063] Furthermore, it is assumed that a GRR and a GMK are carried out for the vehicle 
by means of steering interventions, and that a VARI is carried out. A theoretical partial 
supplemental steering angle AQgrr. req or A5gmk. req, as the case may be, which is set by 
the actuator of the superimposition steering, is thereby preset by means of the control 
units for the carrying out of the GRR and the GMK. The control unit for the VARI pre- 
sets the theoretical partial steering angle 5vari. req to be set, which is determined in de- 
pendence on the actual steering wheel angle 5lr. szl set by the driver and is transmitted 
to the actuator, which [actuator] thereupon sets the partial supplemental steering angle 
of the VARI. The following is thereby valid: 

5vARI, req = 6lr. SZL + ASvARI. req, 

- whereby A5vari. req designates the theoretical partial supplemental steering angle of 
the VARI. 
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[0064] The theoretical steering angles preset by the regulating or control units thereby 
relate to angles on the steerable wheels, but can, however, relate to the steering pinion 
gear by means of the known transmission behavior of the steering gear. 

[0065] The theoretical total steering angle to be set on the wheel amounts to the sum 
6suM, req/iiG = 6vARi. req + ASgrr, req + A6gmk. req, Whereby 6suM, req designates the theoreti- 
cal total steering angle on the steering pinion gear. 

[0066] It is likewise assumed that the vehicle is equipped with a driving dynamics con- 
trol unit and, in particular, with an ESP control unit 70 for the carrying out of the GRR, 
for example, which determines the control variables in dependence on the deviation 
between a determined actual value of a driving condition quantity and a theoretical 
value computed by means of a vehicle reference model. For the computation of the 
theoretical value, the ESP control unit requires the actual value of the steering angle 
corresponding to the desire of the customer, which is what, as has been explained, the 
actual partial steering angle 5vari of the VARI is to be considered here. 

[0067] The block diagram in Figure 1 illustrates one possible form of implementation of 
the process in accordance with the invention, which can be used for the determination 
of an assessed value 5vari for the actual value 5vari of the actual partial steering angle. 

[0068] The actual steering wheel angle 5lr. szl on the steering wheel determined by a 
steering wheel angle sensor, the theoretical partial steering angle 6vari, req of the VARI 
in relation to the steerable wheels, the theoretical partial supplemental angle ASgrr. req 
of the GRR on the wheels, the theoretical partial supplemental steering angle A6gmk. req 
of the GMK on the wheels, and the actual total supplemental steering angle ASafs of 
the superimposition steering on the steering pinion gear serve as input quantities for the 
process. 
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[0069] The steering angles Svari. req. A5grr, req and ASqmk. req can thereby be transmitted 
directly by the corresponding control devices. The steering angle A5afs can be deter- 
mined as the difference between the actual steering wheel angle 5lr. Pinion= iAFs'SLR. szl 
related to the steering pinion gear and the actual total steering angle 5sum. Pinion on the 
steering pinion gear that can be detected by an angle sensor, or it is determined in the 
computing unit of the superimposition steering directly from the engine orientation angle 
sensor of the superimposition steering. 

[0070] For the implementation of the process, the actual steering wheel angle 6lr. szl on 
the steering wheel is, first of all, as illustrated by means of the block 10, converted into 
the actual steering wheel angle 6lr. pinion on the steering pinion gear. This is carried out 
through the simple multiplication of 5lr. szl with the known mechanical transmission ra- 
tio Iafs of the AFS gear at the multiplication point 10. 

[0071] An additional multiplication, illustrated in block 30, of 5lr, Pinion with the inverse of 
the steering gear transmission Ilg, yields the actual steering wheel angle 6LR.whi = 
6LR,Pinion'1/iLG on the steerable wheels, whereby the transmission behavior of the steer- 
ing gear is to be considered as indicated in block 20. This is carried out by means of the 
known characteristic transmission curve of the steering gear. 

[0072] The steering angles Svari, req, ASgrr. req and ASgmk. req are first of all added in the 
block 80, so that the theoretical total steering angle on the wheel is obtained. Through 
the multiplication with the transmission Ilg of the steering gear, as represented by block 
100, the theoretical total steering angle 6sum, req on the steering pinion giear can then be 
computed. The transmission behavior of the steering gear, particularly the inverse 
characteristic transmission curve, is thereby to yet again be taken into consideration, as 
indicated by block 90. 
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[0073] The subtraction between Qsum. req and 5lr. pinion at subtraction point 110 yields the 
theoretical total supplemental steering angle A5AFs,req of the superimposition steering 
on the steering pinion gear, which is compared with the actual total supplemental steer- 
ing angle A5afs in order to determine the standard deviation £5, afs for the total steering 
angle to be set by the superimposition steering. This is carried out by means of subtrac- 
tion, as is depicted by means of subtraction point 120. 

[0074] The standard deviation £5, afs of the total supplemental steering angle deter- 
mined in that manner is, in accordance with the invention, used to determine a time 
constant Tafs of a model of the actuator controlling the AFS gear system. 

[0075] The actuator is an electrical motor which typically has a PT2-transmission behav- 
ior, as is characteristic for delaying and oscillation-capable final control elements. 

[0076] The actuator of the AFS gear system should not, however, oscillate excessively 
upon the setting of a preset total supplemental steering angle, since fatal effects on the 
driving behavior would othen^^ise have to be expected. 

[0077] In a very good approximation, a PTi transmission behavior of the actuator can 
thus be assumed, so that its transmission function can be stated as: 

G{s) = ^ 

- 1 + Tafs • S 

~ whereby an amplification factor of k = 1 can be taken as the basis here. ' 
[0078] The transitional function of the actuator is consequently: 

h (t) = 1 - e"^ ^^-^ 
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[0079] It is stated schematically in block 50, through which an assessed value aSvari is 
determined for the actual partial supplemental steering angle ASvari of the VARI by 
means of the PTi-model, on the basis of an assessed value t^fs. for the time constant 
Taps of the model. 

[0080] The theoretical partial supplemental steering angle ASvARi.req of the VARI on the 
wheel, which is obtained at the subtraction point 40 by subtraction of the actual steering 
wheel angle 5lr, whi on the wheel from the theoretical partial steering angle Svari. req on 
the wheel, thereby serves as the input quantity for the block 50. 

[0081] The steering angle Svari. req relating to the wheel can be used as the input quan- 
tity here, since only one modeling of the control behavior of the actuator controlling the 
AFS gear system is carried out, and not one of the AFS gear system itself. 

[0082] The theoretical partial supplemental steering angles related to the steering pinion 
gear or the steering wheel could, however, likewise be used as input quantities for the 
block 50. The form of implementation depicted has the advantage, however, that the 
output quantity aSvari . just like the actual partial steering angle Svari of the VARI that is 
sought, relates to the wheel. Unnecessary conversions between different reference 
points are consequently avoided. 

[0083] An assessed value Svari for the actual partial steering angle Svari of the VARI is 
to be determined as the output quantity of the entire process. This occurs through the 
addition of the estimated actual partial supplemental steering angle aSvari computed 
by the block 50 and of the actual steering wheel angle 5lr. whi on the wheel at the addi- 
tion point 60. 

[0084] The steering angle ^^^^^ is an assessed value for the driver steering choice 
aoRv.req, which enters into the reference model used by the ESP control device 70 for 
the determination of the vehicle theoretical behavior. 
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[00851 A single-track model of the ESP control device 70 is thereby preferably used. 
Different functions of the control device 70, as well as different design concepts for an 
adjustment of the driving dynamics and, in particular, the reference model, are de- 
scribed in the German patent disclosure document DE 195 15 058 A1, for example. 
Reference is hereby made at this point to the entire contents of the same. 

[0086] The block 50, as the standard input parameter, obtains the assessed value t^fs 
for the time constant Taps of the AFS actuator. 

[0087] In the form of implementation of the process in accordance with the invention 
depicted in Figure 1, this is determined in stages, which are illustrated by means of the 
blocks 130, 140 and 150. 

[0088] First of all, the amount I^s^afsI of the standard deviation £5, afs formed at the sub- 
traction point 120 is computed as depicted in block 130. 

[0089] It is to be noted that the dynamics of the actuator only change relatively slowly in 
dependence on the quantities influencing the dynamics ~ such as the temperature, for 
example. 

[0090] Thus, the signal |£6, afs| 's filtered through a low-pass filter 140 so that, upon non- 
sequential changes of the value e^afs, because of a supplemental steering angle re- 
quest increasing in a non-sequential manner, no likewise non-sequential and unrealistic 
change of the estimated time constants T^ps results. 

[0091] The estimation of t^fs is, in the form of implementation depicted in Figure 1, car- 
ried out by means of a characteristic curve which assigns a value t^fs to every filtered 
value |e5,AFs| of the amount |e5,AFs|. as is depicted by block 150. 
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In the simplest case, the characteristic curve can thereby be used as a gradated func- 
tion which assigns a small value t^^^s representing the normal dynamics of the actuator 
to every value |e5, afs| that is smaller than a preset threshold value, and assigns a large 
value T;^Fs modeling a reduced dynamic to every value \?e,hFs\ lying above the threshold 

value. A hysteresis function can, in particular, also hereby be used in combination with 
the gradated function. 

[0092] Better and, in particular, more precise results are achieved, however, with a 
characteristic curve that has a certain range with a transitional behavior between nor- 
mal and reduced dynamics. A proportionality between t^fs and |e6,AFs| can be assumed 
in the range, for example, as depicted in the characteristic curve indicated in block 150. 

The time constant t^^fs determined in such a manner can, on the one hand, serve as an 
input quantity of the block 50 for the computation of the steering angle aSvari , but it 
can, however, also be supplied to a unit for monitoring the actuator dynamics. 
[0093] This is useful, for example, if it is only provided to use the assessed value Svari 
upon reduced actuator dynamics as an input quantity for the ESP control device 70 
and, upon normal dynamics, to refer back to the theoretical value 5vari, req- 

[0094] The problem has emerged here, however, that no changes of the theoretical to- 
tal steering angle 5sum. req to be set by the actuator appear upon a stationary steering 
behavior of the driver, and that the transmission behavior of the actuator is likewise sta- 
tionary. 

[0095] In this case, the standard deviation £5. afs disappears nearly completely, and a 
time constant t^fs is estimated which corresponds to normal dynamics not even pre- 
sent under certain circumstances. 
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[0096] In an additional form of implementation of the process in accordance with the 
invention illustrated by means of the schematic block diagram in Figure 2, it is thus pro- 
vided to only determine the time constant t^^s again if the rate of change AS^rs^req 

the theoretical total supplemental steering angle A5afs, req exceeds a preset threshold 
value. 

[0097] It would at the same also be possible to compare a rate of change A5afs of the 
actual total supplemental steering angle ASafs with a threshold value, and to only de- 
termine the time constant t^fs again, if AS^fs exceeds the threshold value. 

[0098] The rate of change is thereby computed by a differentiation component 160 and 
conveyed to the block 170. If the value of ASafs. req exceeds the threshold value, then 
this issues an output signal with the value "one"; otherwise, the output signal, which 
serves the block 180 as an input signal, states the value "zero". 

[0099] The block 180 is connected in series to the blocks 130 and 140, and only trans- 
mits the value actually computed |£5,afs| to the low-pass filter 140 if its input signal has 

the value "one". Otherwise, the value |s5,afs| transmitted to the filter 140 during the last 
cycle, which is stored in the block 190, is transmitted again. 

[0100] In this way, it is possible to compute the applicable time constant T^^^s at any 
time if a stimulus of the system is present. Without a system stimulus, the estimation 
pauses at the last value determined. 

[0101] In the forms of implementation explained above, the process in accordance with 
the invention can also be carried out rapidly and reliably with relatively little use of com- 
puting power. 
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[0102] With greater computing power, however, it is possible to carry out a more precise 
determination of the time constants Taps by means of parameter estimation processes 
with greater complexity. 

[01 03] This is depicted in an additional schematic block diagram in Figure 3. 

[0104] A suitable parameter estimation process is thereby carried out in block 200, 
which computes an assessed value T^ps for the time constants Taps in dependence on 
the input signals A5afs. req and A6afs. 

[01 05] This is not, however, transmitted directly to block 50 for the determination of 
A5vARi , but is instead processed by a limiting device 210 and a low-pass filter 220 con- 
nected in series. 

[0106] The limiting device 210 limits the values of t^fs to a range of values between a 
minimum value representing a normal dynamic of the actuator and a maximum value 
representing a reduced dynamic. 

[0107] By that means, erroneous computations of the value t^fs possibly arising are 
limited in their effects by the block 210. 

[0108] The low-pass filter 220 connected to the output side of the limiting device 210 
has the same function as the low-pass filter 140, that is to say: filtering out unrealistic 
non-continuous changes from t^fs- 

[0109] One particularly well-suited process for estimating the time constant is, in the 
case depicted here by way of example, a model-based parameter estimation process 
which is based on the PTi model of the AFS actuator, which also forms the basis for 
the computation of aSvari by the block 50. 
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[01 10] The computation is tliereby carried out with the help of the differential equation 
describing the transmission behavior of the actuator (inverse model). 

[01 1 1] Under the assumption, to be considered as a good approximation, that the AFS 
actuator has a PTi transmission behavior, this differential equation reads: 

t 

- whereby the amplification factor "k" was already set to *'one" here. 

[01 12] From this equation, the following expression results for the time constant Taps: 

"^A^S ~ ~l ■ [^SAFS,req " ^^AFs] — ~l (*) 

AOftFs ^Oafs 

" whereby all quantities to the right of the first equal sign from the left are known, or can 
be computed. 

[0113] By means of the expression (*), the value t^fs can consequently be determined 
analytically, as is provided in the form of implementation of the process in accordance 
with the invention illustrated by the schematic block diagram in Figure 4. 

[01 14] The analytical computation of t^fs is thereby carried out inside the block 230. 

[01 15] Analogous to the form of implementation depicted by means of Figure 2, a new 
value Taps 's Only thereby determined and transmitted to the limiting device 210 if the 
amount |a5afs| exceeds a preset threshold value. OthenA/ise, the last value t^fs deter- 
mined is transmitted to the limiting device 210. 


AP10741 


20 


In this form of implementation, tlie comparison of |A5AFs,req| with the threshold value is 
thereby likewise possible. This is not preferred here, however, since the rate of change 
a5afs . contrast to the rate of change AS^Fs^req. 's used for the determination of t^fs* 
and thus simply must be determined. 

[01 16] In the forms of implementation of the process in accordance with the invention 
described above, the estimated actual partial steering angle Svari of the VARI on the 
wheel is determined by the addition of the estimated actual partial supplemental steer- 
ing angle A5 

VARI srid of the actual steering wheel angle 6lr, whi on the wheel. 

[01 17] It is likewise possible, however, through the subtraction of an estimated actual 
partial total supplemental steering angle A5s, which corresponds to an assessed value 
of the sum A5z = A5grr + ASgmk of the actual partial supplemental steering angle ASqrr 
and A5gmk of the GRR and of the GMK, to obtain from the actual total steering angle 

6suM, whi on the wheels: SvARi = 5suM,whi - as^. 

[0118] This is depicted in an additional schematic block diagram in Figure 5, whereby a 
general parameter estimation process for the determination of t^fs is carried out in 
block 200 again. 

[01 19] The input signals ASafs and A5afs, req are determined in the same way as was 
carried out with the forms of implementation of the process described above. 

[0120] Through the addition of the actual steering wheel angle 6lr, Pinion on the steering 
pinion gear, and of the actual total supplemental steering angle A6afs to the summation 
point 240, the actual total steering angle 6sum. Pinion on the steering pinion gear is deter- 
mined and is, through multiplication with the inverse steering gear transmission Ilg, as 
illustrated in Figure 5 by means of the blocks 20 and 30, conveyed to the actual total 
steering angle 6sum. ww on the wheels. 


AP10741 


21 


[0121] The theoretical partial total supplemental steering angle A6s.req. which is ob- 
tained at the summation point 260 as a sum from the theoretical partial supplemental 
steering angle A6grr, req of the GRR and the theoretical partial supplemental steering 
angle A5gmk. req of the GMK, serves here as the input quantity for the block 50. 

[0122] By means of the value A5z. req, computation is carried out in the assessed value 
A5s for the actual partial total supplemental steering angle A5i through the block 50 
simulating the transmission behavior of the AFS actuator. 

[0123]^*^'^ is deducted from the actual total steering angle 5sum. whi at the subtraction 
point 250, so that the assessed value sought Svari ^ ^^hich is conveyed to the ESP con- 
trol device, is obtained behind the subtraction point. 

[0124] In the schematic block diagram in Figure 6, block 200 of the schematic block dia- 
gram in Figure 5 is replaced by block 230, by means of which the model-based parame- 
ter estimation process is carried out in the way that was described in connection with 
Figure 4. 

[0125] Yet another form of implementation of the process in accordance with the inven- 
tion is depicted in Figure 7 by means of the schematic block diagram. In the circuit con- 
figuration, it corresponds to the schematic block diagram in Figure 4, with the difference 
that the assessed value t^fs is npt conveyed to block 50, but to the ESP control unit 
70. 

[0126] By means of the block 50, the estimated actual partial supplemental steering 
angle aSvari is determined from the theoretical partial supplemental steering angle 
A5vARi, req by means of the actuator model, with the time constants Tafs representing the 
normal dynamics of the actuator. 
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[0127] The consideration of a dynamic of the actuator reduced under certain circum- 
stances is carried out within the ESP control device 70 by means of a threshold expan- 
sion in the control unit contained. 

[0128] This computes a control variable if the standard deviation between the theoreti- 
cal value of the driving condition quantity and the determined actual value exceeds a 
preset threshold value. 

[0129] In dependence on the estimated value t^^fs for the time constant Taps, the 
threshold value in the form of implementation of the process in accordance with the in- 
vention illustrated by means of figure 7 is adjusted to the dynamics of the actuator. In 
particular, the threshold value is thereby increased if an assessed value T^^^g represent- 
ing a reduced actuator dynamic results. 

[0130] Defective control interventions of the ESP control unit due to reduced actuator 
dynamics are consequently also effectively impeded in this form of implementation of 
the process. 

[0131] In summary, it is noted that the present invention creates an advantageous proc- 
ess which makes it possible to be able to carry out a reliable adjustment of driving dy- 
namics with interventions in the steering of a vehicle, even if the dynamics of the actua- 
tor intervening in the steering are restricted, such as may be the case, for example, at 
very low temperatures, a few minutes after the starting of the vehicle. 
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Theoretical partial steering angle of the VARI, reference point: wheel. 
Actual partial steering angle of the VARI, reference point: wheel. 

Estimated actual partial steering angle of the VARI, reference point: 
wheel. 

Theoretical partial supplemental steering angle of the VARI, reference 
point: wheel. 

Actual partial supplemental steering angle of the VARI, reference point: 
wheel. 

Estimated actual partial supplemental steering angle of the VARI, refer- 
ence point: wheel. 

Theoretical partial supplemental steering angle of the GRR, reference 
point: wheel. 

. Actual partial supplemental steering angle of the GRR, reference point: 
wheel. 

Estimated actual partial supplemental steering angle of the GRR, refer- 
ence point: wheel. 

Theoretical partial supplemental steering angle of the GMK, reference 
point: wheel. 

Actual partial supplemental steering angle of the GMK, reference point: 
wheel. 

Estimated actual partial supplemental steering angle of the GMK, refer- 
ence point: wheel. 

Actual steering wheel angle, reference point: steering wheel. 

Actual steering wheel angle, reference point: steering pinion gear. 

Actual steering wheel angle, reference point: wheel. 

Input quantity for the ESP or DSC control device, "driver steering choice", 
reference point: wheel. 
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6suM. req: Theoretical total steering angle, reference point: steering pinion gear. 

5suM, Pinion^ Actual total steering angle, reference point: steering pinion gear. 

6suM. whi: Actual total steering angle, reference point: wheel. 

A5i, req: Theoretical partial total supplemental steering angle (sum of the theoreti- 
cal partial supplemental steering angle of the GRR and of the GMK), ref- 
erence point: wheel. 

ft 

A5i: Actual partial total supplemental steering angle (sum of the actual partial 

supplemental steering angle of the GRR and of the GMK). reference 
point: wheel. 

A5s: Estimated actual partial total supplemental steering angle (sum of the es- 

timated actual partial supplemental steering angle of the GRR and of the 
GMK), reference point: wheel. 

A5afs. req: Theoretical total supplemental steering angle for the AFS gear system, 
reference point: steering pinion gear 

A5afs: Actual total supplemental steering angle that was set by the AFS gear 
system, reference point: steering pinion gear. 

A6AFs,req : Theoretical total supplemental steering angle gradient for the AFS gear 
system, reference point: steering pinion gear. 

^^AFs: Actual total supplemental steering angle gradient that was set by the AFS 
gear system, reference point: steering pinion gear 

Taps: Time constant of the actuator model 

Tafs : Estimated time constant of the actuator model 

^6. AFs: Standard deviation of the total supplemental steering angle for the AFS 
gear system 

1^5, AFs| : Amount of the standard deviation of the total supplemental steering angle 
for the AFS gear system 

|?5,AFs| : Filtered amount of the standard deviation of the total supplemental steer- 
ing angle for the AFS gear system 

Iafs: Steering transmission of the AFS gear system 
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Ilg: Mechanical transmission of the steering gear 

10 Multiplication point 

20 Block with the transmission behavior of the steering gear 

30 Multiplication point 

40 Subtraction point 

50 Block with the modeled transmission behavior of the actuator 

60 Addition point 

70 ESP control unit 

80 Addition point 

90 Block with the transmission behavior of the steering gear 

100 Multiplication point 

110 Subtraction point 

120 Subtraction point 

1 30 Block for formation of the amount 

140 Low-pass filter 

150 Block for coordination between standard deviation and time constant by 
means of a characteristic curve 

160 Differential element 

170 Logic unit for the comparison of the standard deviation with a threshold 
value 

1 80 Block for the transfer of the standard deviation 

190 Block for the storage in memory 

200 Block for the implementation of a parameter estimation process 

210 Limiting device 
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220 Low-pass filter 

230 Block for the computation of the time constants by means of a actuator 

model 

240 Addition point 

250 Subtraction point 

260 Addition point 
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ABSTRACT 

Disclosed is a process for determining an actual value of a control variable set by an 
actuator in accordance with a theoretical value. The process is characterized in that, a 
partial value of an actual value set in accordance with a theoretical partial value consist- 
ing of a total of theoretical partial values is determined in dependence on the theoretical 
partial value in an actuator model formed with at least one parameter corresponding to 
the partial value, such that the value of the parameter is determined bv means of a de- 
viation between the theoretical total value and a determined actual total value of the 
control variable. This process is suitable for the determination of an actual value of a 
steering angle on steerable wheels of a vehicle, which can be used in a vehicle refer- 
ence model of a driving dynamics adjustment. 

Summary: 

The i nvent i on provid e s a proc e ss for th e d e t e rmination of an actua l valu e of a contro l 
variabl e s e t by an actuator i n accordanc e w i th a th e or e tica l va l u e . 

Th e proc e ss is th e reby charaotor i zod i n that, a part i a l va l u e of an actual valuo sot in 
accordance w i th a th e or e t i ca l partia l va l u e consisting of a total of theor e tical part i a l val 
u e s i s d e t e rmined i n d e p e nd e nc e on th e th e or e tica l part i al valu e in an actuator mod el 
form e d w i th at le ast on e param e t e r corr e spond i ng to th e partia l valu e , wher e by th e 
va l u e of th e param e ter is d e t e rmin e d by m e ans of a d e viation b e tw ee n the th e or e tical 
tota l va l u e and a d e torm i nod actual tota l va l ue of the contro l var i ab l e. 

I t i s suitabl e , in part i cu l ar, for th e d e term i nat i on of an actua l value of a st o or i ng ang l e on 
st ee rab le wh eel s of a v e h i c le , wh i ch can b e us e d in a v e hic le roforonoe mod el of a dr i v - 
i ng dynamics adjustm e nt. 
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